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Abstract 

1 Introduction t.he front. of the vehicle, there are t.wo art.iculat.ed arms 
w i t h  t,raclis as well. The vehicle uses the two arms to 
mount a stair. \.t’lren the vehicle  is on t,he stairs, the 
arms are straight,elled out to provide more stable sup 
port,. Figure 2 illustrates  the ~nacl~anism i n  which the 
vehicrle mounts and clindls the st.airl;;. 
I n  order for t.he vehicle to climb  the stairs automat- 
ically. t.wo critical parameters  must be est.in1ated ro- 
I,r~stIy a.nd c:ont.illnously during  the c:limbing: the an- 
gle bet.meen t,he st air orientat.ion and vehicle heading 
directioll. and  the posit.ion of the vehicle on t.he stairs 
with respect. to t,ho tr~nter of stairs, i.c., whether the 
vehicle is t,oo close to t.hr left or right boundary of 
t , l w  stairs. For the convenience of illustrat.ion. we refer 
to the first. paran~eter as t , l w  “offset angle”, and t h ~  
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Figure 5: Thinning of Edge Pixels 

ing offset prameters from t.he stair edges. The stair- 
Irlimbing algorithm is brokeu clown into t,llree steps: 

Edge clet.ectiot1 a.ncl linking to extra.ct st,air edges. 
This subsyst,ern must. deal  with all t,he variance of 
appearance of st,airs, a.nd be able to  extract valid 
stair edges under most  lightiug  conditions. 

Recovery of offset. para.nleters: From a set. of stair 
edges, c-olnput,e the offset angle antl offset. posi- 
tion. This slrbsystem must he rohust against. out- 
liers siuw the rtlge detection and linking w i l l  not. 
he perfect.. 

Steering of t.he vehicle: Steering the vehicle ac- 
cording to the offset paran1et.ers. 

The following suhsect,ions esplain i n  clebail each of the 
st.eps. 

2.1 Edge Detection and Linking 

( h e r i c  edge cletwtor ([Z I]) will not. work  very well 
on st.air images such as  Figure 4 .  When the  stair is 
under s11adow or stair edges are rough. we only get 
broken edges from w11ic:h it. is hard t,o extract any use- 
ful informat.ion. 1nst.eatl. we take a least-con~nlit,~uent 
approach i n  the i n i t i a l  edge1 detection by onuniting 
t . 1 1 ~  t.llrdloltlil1g ent,irely. This will preserve potential 
stair edges under shaclow or when t,he stair has low 
c-ont.rast.. Figure 5 shows t.hc t,hinned edge pixels. 
Such a approach will potentially  generate  hundreds 
of edges or more, t.lwrefore increasing t.he difficult.ies 
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Figure 7: Partial Least Square for Edge Linking 
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Figure 8: Merged Straight Edges 

2.2 Robust  Recovery of Offset Param- 
eters 

By eliminating variable rl from the above t.wo equa- 
tions, we t.hen obt,airr t.he equation for a 2D straight 
line which is the image of t . l w  3D st.air edge: 

y-gyo=-(s -  
h 6 B 
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Figure IO: The Final Set. of Stair Edges 

2.3 Steering of Vehicle on Stairs 

‘Ihe st,eeriag of the vehit:le is determintd by two cri- 
terions: 
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Figure 1 1 :  Cli~nl~ing T w o  Flig1lt.s of St,airs 
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